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Exceptional actions - Fire 

	Definition

	· Design fire: a specified fire temperature development assumed for structural design purposes.

· Fire resistance: the ability of a structure, a part of a structure or a member to fulfil its required functions (load bearing function and/or separating function), for a specified load level, for a specified fire exposure and for a specified period of time.

· Fire scenario: a qualitative description of the course of a fire with time identifying key events that characterise the fire and differentiate it from other possible fires. It typically defines the ignition and fire growth process, the fully developed stage, decay stage together with the building environment and systems that will impact on the course of the fire.

· Indirect fire actions: internal forces and moments caused by thermal expansion.

· Load bearing function: the ability of a structure or a member to sustain specified actions during the relevant fire, according to defined criteria.

· Nominal fire: conventional design fire, adopted for classification or verification of fire resistance, e.g. the standard temperature-time curve.

· Separating function: the ability of a separating element to prevent fire spread (e.g. by passage of flames or hot gases) or ignition beyond the exposed surface during the relevant fire.

· Standard temperature-time curve: a nominal curve for representing a model of a fully developed fire in a compartment.


	Physical features 

	· Building structures may be submitted to the effects of fire during their lifetime. The cause of the fire may be accidental or intentional (arson)

· Most casualties in building fires are caused by smoke or heat effects.

· It is nevertheless essential to maintain the integrity of the structural system during a certain amount of time (this time is called the "fire resistance" time) in order to:

· limit the extend of the fire development (compartmentation);

· allow evacuation of the occupants;

· allow a safe environment for the action of the fire fighters;

· protect neighbouring properties.

· The evaluation of the fire resistance time was historically made by experimental tests, but these tests have several severe shortcomings.

· Numerical modelling can supplement experimental testing and, in some cases, for example for structures that are too large to be tested, is actually the only way by which the fire resistance time can be evaluated.

· Modern building structures of certain sizes are usually based on a skeleton of bars (beams and columns) that can be made in various materials. The most commonly used structures are in steel, in reinforced concrete, in prestressed concrete, in composite steel-concrete combination or in timber. The load bearing function of these elements has to be ensured.

· Vertical separating walls can be present on the beams. They can be made of reinforced concrete, of masonry or of gypsum plaster boards. Horizontal floors are usually based on concrete materials if they have to provide a separating function. Timber floors are encountered in older buildings. The separating function of these elements has to be maintained.


	Effects on constructions

	· The elevated temperatures of the gases in the compartment as well as direct radiation from the flames heat the structure and increases its temperature.

· The strength of most manufactured building materials like steel, concrete, glass or aluminium decreases as their temperature increases. This sole effect results in the progressive decrease of the load bearing capacity of the structure.

· The stiffness of these materials also decreases as their temperature increases. The large displacements generated by this stiffness degradation can lead to additional loadings, for example via second order geometrical effects, that have also the tendency to reduce the load bearing capacity of the structure.

· If the thermal elongation that these materials exhibit is restrained, this also creates some indirect effects of action that can diminish the load bearing capacity of the structure.

· Wood behaves differently. The load bearing section of the members progressively decreases in dimensions because of the progressive extension of the charred layer from the surface to the inside of the section. The mechanical properties of the material in the residual section are not that much affected and thermal expansion is also quite inexistent. The decrease of the load bearing capacity results from the decrease of the dimensions of the load bearing elements.


	Modelling

	· The environment created by the fire in the compartment has to be modelled. The usual way is to represent the fire by a single gas temperature, the evolution of which is given as a function of time. More refined methods exist that allow representing the local effects of localised fires.

· Based on the fire attack, the evolution of the temperatures in the building structure has to be modelled. Uniaxial temperature fields are normally considered in flat slabs and concrete walls, whereas plane 2D temperature distributions have to be evaluated in the cross-section of beam or column type elements. The 3D effect resulting from longitudinal flux along the members is normally neglected.

· The capacity of the structure to sustain the applied loads is checked by  a step by step procedure, minute after minute during the fire, up to the moment of failure. The evolution of the temperatures is also monitored in separating elements in order to check their ability to prevent transmission of the fire to adjacent compartments.


	Guidelines and/or codification

	· In Europe, the relevant codes for designing structures subjected to fire are the fire parts of the Eurocodes from Eurocode 1 to Eurocode 6 and Eurocode 9, see the references below.


	Example of application
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	Figure 1. Discretisation of a steel cross-section 
	Figure 2. Isotherms in the steel section
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	Figure 3. Discretisation of a concrete cross-section 
	Figure 4. Isotherms in the concrete section
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	Figure 5. Discretisation of an industrial hall
	Figure 6. Deflections at failure

	· Figure 1 shows the discretisation in finite elements of the cross-section of a hot rolled I profile. This profile is heated on three sides.

· Figure 2 shows the isotherms that have been calculated in this section after 1 hour of the applied fire curve. 

· Figure 3 shows the discretisation in finite elements of the cross-section of a rectangular reinforced concrete section. Only ½ of the section is analysed owing to symmetry reasons. This profile is heated on three sides.

· Figure 4 shows the isotherms that have been calculated in this section after 2 hours of the applied fire curve.

· Figure 5 shows an industrial hall in which only one part of the structure, in red on the Figure, is subjected to the action of a localised fire. The columns could for example be constituted of members represented by the section and the temperatures depicted on Figure 4 and the beams by the sections and the temperatures depicted on Figure 2.

· Figure 6 shows the deflected structure at failure.
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